The transport of radiation contamination from milk to products of the cheese making process has been studied. The concentration of radioactive iodine and cesium in samples of sheep milk and cheese (Gruyere) products was measured for 10 consecutive production d. Milk with concentration 100 Bq/L in each of the radionuclides 131I, 134Cs, and 137Cs cheese with concentration 82.2 + 3.9 Bq/kg in iodine and an average of 42.3 + 2.3 Bq/kg in the cesium isotopes is produced. The corresponding concentrations in crealn extracted from the same milk are 26.7 + 2.8 13q/kg (a31 I) and 18.6 + 1.9 Bq/kg (134Cs, 137Cs).
INTRODUCTION
The nuclear fallout from the accident at the 1000 MW Chernobyl reactor on April 26, 1986 resulted in the introduction of several radioactive isotopes (1) into the dairy products of Greece. Of particular concern during May was the measurement of high activity levels of the relatively short-lived isotope ~31I (Tl/2 = 8.05 d) in the milk of free-grazing animals. In the district of Epirus (Northwestern Greece), 131I activity as high as 18,000 Bq/L were measured in sheep milk collected on May 7; activity in yogourt produced on the same date was 6,000 Bq/kg.
During the first 2 wk in May, following the arrival of the plume of radioactive material
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Ioannina, Greece released from the Chernobyl reactor, a slower, albeit progressively increasing penetration of the longer lived isotopes 134Cs (T1/2 = 2.062 yr) and 137Cs (TI/2 = 30.17 yr) was also detected. In sheep milk, collected by a large dairy company in the vicinity of the city of Ioannina around May 10, the total activity concentration of the two cesium isotopes ranged from 800 to 5000 Bq/L. Substantially lower activity concentrations in the cesium isotopes were measured in bovine milk from the same area. Based on these measurements, all sheep milk collected during May and June 1986 was restricted from immediate consumption. Most of this milk was made into (primarily feta) cheese for consumption after September 1986 when the largest activity component (a3aI) would be reduced by at least a factor of 2000. A similar reduction, of course, is not expected for the longer lived activity of the cesium radioisotopes originally contained in the milk.
Since the accident at the Chernobyl reactor, the Nuclear Physics Laboratory of the University of loannina has been monitoring the penetration of radioactive isotopes into the biological cycle of animals and derived foodstuffs. Of particular interest in the district of Epirus is the contamination of dairy products, which represent a significant component of the local economy. The purpose of the research presented here was to determine the transport of the radionuclides x3tI, X34Cs, and 137Cs from the original milk to various products of cheese making.
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METHOD
Samples were taken during a period of 10 d from a cheese plant in the town of Metsovo, 60 km northeast of the University of Ioannina campus. Sampling was performed in cooperation with the veterinary authorities of the District of Ioannina. Samples were taken each day from the original milk, cheese, cream, and whey during routine production of Gruyere cheese from sheep's milk.
Samples, in a standard volume of 400 ml, were measured at the the Nuclear Physics Laboratory with two different types of radiation detectors. The detailed spectrum of the milk was initially investigated by means of a high resolution (1.92 keV for the 661.65 keV ~/-ray of 137Cs), 18% efficiency, intrinsic Ge detector. Subsequently, samples were measured with a lower resolution, more efficient 3" × 3" Nal (T1) counter. Both detectors were shielded from environmental radiation with 5 cm of lead. The time required for the accumulation of a spectrum with the Ge detector was of the order of 3 h, whereas a spectrum with comparable statistics with the NaI (T1) counter took approximately 15 min (1000 s).
A schematic of the measuring apparatus is contained in Figure 1 . Following appropriate preamplification and amplification, detector signals were collected in a muhichannel pulse height analyzer. Upon completion of the measurement, the whole spectrum was transferred to the laboratory's Hewlett Packard HP 1000 computer for analysis (2) , data reduction, and storage. Energy and efficiency calibration of the detectors was performed through a standard 132Eu source in a 400 ml aqueous solution of 129,500 Bq/L and three standard 1311 sources of 51,023 Bq/L (5.21.86), 8.42 × 106 Bq/L (5.9.86), and 5833 Bq/L (6.5.86). Figure 2 contains a typical milk spectrum obtained with the intrinsic Ge detector. Due to the high resolution of the detector all gamma transitions arising from disintegrations of 131 I, 134 CS, and 13~ Cs appear as distinct peaks in the spectrum. The same spectrum, as recorded by the NaI (TI) detector, is presented in Figure 3 . In this instance, due to the substantially poorer resolution of the detector, 7-rays appear as fairly wide distributions with considerable ENERGY [i~Ev~ Figure 3 . Typical y-ray spectrum of the milk sample in Figure 2 with the NaI (T1) detector.
R E SU L TS
overlap. For analysis of these peaks, it is therefore necessary to employ "peak-stripping" analysis techniques (2) . For each 7-ray in the spectrum, identified in the high resolution Ge measurements, the background was initially estimated from points bordering the corresponding peak. Various distributions in the spectrum were then fitted by single or multiple Gaussian-form functions, each employing three free parameters.
Results of the measurements for 10 consecutive production d are contained in Tables 1,  2 , and 3. "Whey I" denotes the aqueous byproduct after removal of the curd. "Whey II" is the final aqueous solution after removal of the cream. The results are presented in activity concentrations for each isotope (i.e:, in Bq/L for liquids and in Bq/kg for the curd and cream samples). For a more meaningful comparison of the results, the data in Tables 1, 2 , and 3 have been normalized to 100 Bq/L for activity concentration of each isotope in the original milk. The normalized average activity concentrations for the three radioisotopes considered here in all products of the cheese making process are presented in Table 4 .
DISCUSSION
The average normalized activity concentrations in the various products of the cheese making process presented in Table 4 may be employed as a guideline for the the quality of Gruyere cheese produced from sheep's milk with a given level of contamination in 131 I, 134Cs, and 137Cs. For the same level of milk contamination with radioactive iodine or cesium (100 Bq/L), the cheese retain approximately twice the activity in 131I (82.2 Bq/kg) as that of cesium (on the average 42.3 Bq/kg for the two cesium radioisotopes). The dispersion of the data in Tables 1, 2 and 3 is small, so that the ensuing experimental error in the average values of Table 4 is correspondingly small.
Transport behavior between iodine and cesium is markedly different (Table 4) . Iodine was divided among the products in a way that follows closely their mass ratios, but cesium showed a preferential concentration in aqueous by-products. This may be attributed to the propensity of iodine to participate in chemical covalent bonds with organic substances, which inhibits its transfer into aqueous solutions in ionic form. Electropositive cesium, however, would be predicted to be considerably more soluble.
The results presented in Table 4 pertain to the quality of cheese (concerning radioactivity) expected from milk with given levels of contamination. The percent retention of radionuclides in the various products of the cheese making process is, of course, quite different. According to information supplied by the cheese making plant, in routine production 1 kg of curd is extracted from 6 L of milk. This quantity of milk also yields 10.8 g of cream.
The percentage retention of 131I, 134Cs, and 137 Cs by Gruy6re cheese and cream is presented in Table 5 .
The purpose of the research presented here was the determination of the percent transport Tables 1, 2 , and 3 show a decaying exponential trend within the sample collection time. As it is known from the literature (5), when radionuclides are deposited on vegetation, environmental removal processes and radioactive decay reduce the initial contamination. The time required for removal of half the deposited radioactivity known as the effective half-life, T~, is given by:
where Tr is the radiological half-life and Tw is the environmental half-life. T w is attributed to several processes, including wind removal, water removal, growth dilution, and herbivorous grazing and depends on the stage of plant growth. Typically a single value (14 d) is adopted as representative for all radionuclides deposited in all plant types (5) . Assuming that the activity concentration in milk is proportional to the activity concentration of pasture grass, data contained in Tables 1 to 3 were analyzed with a least squares fitting program. A T~ of 6 d was derived for radioidine and a corresponding value of 16 d for radiocesium. These values compare well with reported T~ in the literature (6, 7) . Radioactivity concentrations in the cheese are expected to change with time, due to different half lives of the radioisotopes. The activity of 131I is expected, for instance, to disappear during the ripening period (3 mo) before the cheese becomes available for consumption. On the contrary, the radioactivity concentration (in Bq/kg) for the two cesium isotopes will increase due to the loss of weight of the cheese (approximately 30%, according to information supplied by the cheese plant) during the ripening period.
